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ABSTRACT 


The  kinetics  of  recuperation  following  initial  doses  of  470  rads  of  56  Mev  protons 
and  350  rads  of  Co*10  y  radiation  were  investigated  by  means  of  the  paired-dose 
method.  By  using  semilog  plots,  recovery  half-times  of  4.85  ±  .85  days  and  2.02 
±  .45  days  were  found  after  initial  doses  of  the  protons  and  Co'10  y  radiation,  respec¬ 
tively. 


THE  KINETICS  OF  RECUPERATION  FOLLOWING  55  NEV 
PROTON  IRRADIATION 


I.  INTRODUCTION 

Since  space  travel  will  place  man  in  a  posi¬ 
tion  to  be  irradiated  with  protons,  a  most 
important  consideration  concerns  the  charac¬ 
teristics  of  recovery  from  the  injury  produced 
by  the  protons.  This  communication  gives  the 
results  of  experiments  in  which  the  kinetics  of 
recuperation  after  65  Mev  protons  and  Co00  y 
irradiation  were  studied  by  the  paired-dose 
method.  Throughout  the  literature,  the  terms 
“repair”  and  “recovery”  are  given  specialized 
meanings.  The  term  “recuperation”  (after 
Kallman  and  Silini  (1))  will  be  used  to  indicate 
the  improvement  of  the  radiation-induced  in¬ 
jury  with  time. 

II.  EXPERIMENTAL  METHODS  AND 
MATERIALS 

Protons 

The  Oak  Ridge  Isochronous  Cyclotron 
(ORIC)  was  used  as  a  source  of  the  protons. 
Mice  were  irradiated  in  groups  of  3  with  doses 
of  470  rads  of  66  Mev  protons  delivered  at 
470  rads/min.;  they  were  held  in  aluminum 
mesh  cylinders  and  rotated  at  a  rate  of 
10  r.p.m.  during  exposure.  The  experimental 
arrangement  and  the  beam  characteristics 
have  already  been  described  (2,  3) . 

Co00  y  irradiations 

The  USAF  School  of  Aerospace  Medicine 
Cobalt  Irradiation  Facility  was  used  for  the 
exposures.  The  mice  were  irradiated  in  groups 
of  12 ;  the  beam  characteristics  and  the 
dosimetry  have  already  been  described  (4). 


Animals  and  experimental  design 

A  total  of  1,352  adult,  female,  white  Swiss 
Webster  mice  was  used ;  they  were  obtained  in 
a  single  shipment  from  a  single  supplier 
(Simonson  Laboratories,  White  Bear  Lake, 
Minn.)  when  they  were  approximately  8  weeks 
old.  Immediately  after  arrival,  the  mice  were 
assigned  to  plastic  cages  (6  mice  to  each  cage) 
by  a  random  number  table  and  subsequently 
maintained  in  the  animal  quarters  until  time 
for  exposure.  The  details  of  the  animal  care 
have  already  been  described  (4). 

Just  prior  to  irradiation  the  mice  were 
divided  into  four  basic  groups  by  use  of  a 
random  number  table.  Groups  I  and  II  were 
made  up  of  576  mice  each.  Those  of  group  I 
were  given  single  doses  of  350  rads  of  Co80  y 
radiation  delivered  at  350  rads/min.  while  the 
mice  of  group  II  received  470  rads  of  55  Mev 
protons  given  at  470  rads/min.  The  original 
plan  was  to  deliver  initial  doses  of  350  rads  of 
the  55  Mev  protons  to  parallel  the  Co80  ex¬ 
posures.  After  the  irradiations  (both  protons 
and  Co00)  had  been  completed,  however,  an  er¬ 
ror  in  proton  dosimetry  was  detected.  The 
gas  pressure  within  the  ion  chamber  was  found 
to  be  excessively  low.  This  meant  that  a 
larger  dose  was  required  to  produce  a  unit 
amount  of  ionization  (as  determined  during  the 
first  calibration  at  the  correct  gas  pressure) 
(2).  Recalibration  at  the  correct  gas  pressure 
indicated  that  the  dose  delivered  during  a 
1-minute  exposure  was  470  rads.  Although 
there  had  been  an  error  in  absolute  dosimetry, 
the  relative  dosimetry  was  not  affected ; 
the  cyclotron  beam  current  remained  very 
stable  during  all  of  the  irradiations.  After 
irradiation,  these  large  groups  were  further  sub¬ 
divided  by  a  random  number  table  into  groups 
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TABLE  I 

Experimental  results 


Days  after 
irradiation 

350  rads  Co,,n  y  radiation 
(initial  dose) 

450  rads  55  Mev  protons 
(initial  dose) 

Number  of 
animals 

kDr>0/;10 

on  day 

Injury 

(rads) 

Number  of 
animals 

on  day 

Injury* 

(rads) 

ot 

144 

735  ±  18$ 

— 

— 

— 

— 

1 

144 

555  ±  19 

180  ±  26 

144 

308  ±  18 

427  ±  25 

2 

144 

582  ±  20 

153  ±  27 

144 

256  ±  26 

479  ±  32 

4 

144 

607  ±  18 

128  ±  25 

144 

358  ±  28 

377  ±  33 

8 

144 

753  ±  31 

-18  ±  36 

144 

565  ±  16 

165  ±  24 

'In  thli  context,  injury  is  the  difference  between  the  slncle  dose  LD.(I  for  Co""  ->  radiation,  7:i5  rads,  and  the  UD:„/m  on  a  given 
day  after  the  initial  exposure. 


tOnly  tingle  dotes  of  Co"0  were  given  to  the  mice  to  determine  the  of  the  normal  population. 

tS.E. 


of  144  mice  each  which  were  given  challenging 
doses  of  Co""  y  radiation  on  1,  2,  4,  or  8  days 
after  the  initial  dose.  The  specific  time  at 
which  a  given  group  would  receive  the  chal¬ 
lenging  doses  was  decided  by  a  random  number 
table. 

Each  group  of  144  animals  was  divided  by 
a  random  number  table  into  six  subgroups  of 
24  mice  each  which  were  given  single-spaced 
doses  of  Co"°  y  radiation  delivered  at  350  rads/ 
min.  for  estimation  of  LDn0/3o  «•  Therefore,  at 
each  time  period  after  the  initial  doses, 
LD-to/sov  were  estimated  from  144  exposed  mice 
(6  doses  X  24  mice/dose).  It  should  be  noted 
that  the  animals  of  both  group  I  and  group  II 
were  given  challenging  doses  of  Co60  y  radia¬ 
tion;  the  only  proton  doses  were  the  initial 
doses  to  group  II. 

The  144  mice  of  group  III  were  subdivided 
by  a  random  number  table  into  six  groups  of 
24  mice  each  and  given  spaced  single  doses  of 
Co"°  y  radiation ;  these  mice  served  as  irradiat¬ 
ed  controls.  The  200  mice  of  group  IV  were 
nonirradiated  controls.  Of  these,  120  were 
sham-irradiated  while  the  others  were  left 
undisturbed  in  the  animal  quarters. 

During  the  60-day  postirradiation  period, 
the  animals  were  observed  daily  (including 
Sundays  and  holidays)  for  dead  animals. 


III.  RESULTS  AND  DISCUSSION 

The  LDsu/ao'x  were  calculated  from  the 
30-day  cumulative  mortality  data  by  probit 
analysis  (5) ;  these  values  are  given  in  table  I. 
After  the  initial  exposure  with  either  the 
Co""  y  radiation  or  the  55  Mev  protons,  there 
was  a  progressive  increase  in  the  LD.->0/:ti>  dur¬ 
ing  the  8-day  recuperation  period.  While  a 
rising  LD.-,„/:10  indicates  a  lessening  of  the  in¬ 
jury  induced  by  the  initial  dose,  the  kinetics 
of  the  recuperation  process  are  more  satis¬ 
factorily  studied  by  considering  the  differences 
between  the  irradiated  control  group  and  the 
group  which  received  the  initial  exposures. 
The  rationale  behind  this  method  has  been 
described  in  detail  by  Sacher  (6)  and  by  Kall- 
rnan  and  Silini  (1). 

With  this  convention,  the  difference  be¬ 
tween  the  LD.-,0/3«h  may  be  considered  to 
represent  the  amount  of  residual  injury  re¬ 
maining  at  the  time  that  the  challenging  ex¬ 
posures  were  given;  the  injury  would  be  in 
units  of  rads  of  the  challenging  radiation. 
The  amounts  of  residual  injury  calculated  by 
this  means  are  given  in  table  I. 

Figure  1  shows  these  results  plotted  on  a 
semilog  coordinate  system.  The  curves  were 
fitted  by  the  method  of  least  squares.  The 
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•  470  RADS  90  MCV  PROTON*  ON  DAY  0 


OATS  AFTER  INITIAL  DOSE 


FIGURE  1 

Semilog  plot  of  injury  a*  a  function  of  time  after 
the  initial  done.  Since  logarithms  are  not  defined  for 
negative  numbers,  the  —18  rads  remaining  at  8  days 
after  850  rads  of  Co'w  y  radiation  could  not  be  plotted. 
The  vertical  bars  indicate  standard  errors.  The  initial 
dose  is  plotted  as  the  "zero-time"  injury. 

curve  for  the  animals  given  an  initial  exposure 
of  470  rads  of  55  Mev  protons  is  given  by: 

Y„  =  648  (±  206)  exp  (-.1430  ±  (.0288))  (1) 

where  Y,,  is  the  amount  of  residual  injury  (in 
rads)  remaining  at  t  days  after  the  initial 
dose;  the  intercept  and  slope  standard  errors 
are  enclosed  in  the  parentheses.  The  correla¬ 
tion  coefficient  is  —.944.  Therefore,  the  re¬ 
cuperation  half-time  given  by  this  curve  is 
4.85  ±  .85  (S.E.)  days. 

The  curve  for  the  mice  given  an  initial  dose 
of  350  rads  of  Co""  y  radiation  is  given  by: 

Y,.  =  327  (±  179)  exp  (-.3422  ±  (.0490))  (2) 

The  correlation  coefficient  is  —.9707.  The 
recuperation  half-time  given  by  this  curve  is 


2.02  ±  .45  (S.E.)  days.  Comparison  of  the 
slopes  of  these  curves  by  means  of  Student’s 
t-test  indicates  a  significant  (P  <  .01)  dif¬ 
ference. 

A  great  deal  has  been  written  about  the 
value  (and  limitation)  of  the  paired-dose  tech¬ 
nic  for  studying  the  kinetics  of  recuperation 
after  irradiation  (1,  6-11).  While  this  technic 
represents  at  best  a  gross  view  of  the  recupera¬ 
tive  process,  it  has  been  widely  applied  over 
the  last  two  decades.  The  purpose  of  the 
present  study  was  neither  to  add  new  dimen¬ 
sions  to  the  paired-dose  technic  nor  to  broaden 
the  controversy.  Rather,  the  primary  goal  has 
been  simply  to  compare  the  recuperation  curves 
after  proton  and  Co""  y  irradiation. 

The  use  of  Co""  y  radiation  challenging  ex¬ 
posures  to  evaluate  the  effects  of  another  type 
of  radiation,  such  as  55  Mev  protons,  has  been 
used,  in  principle,  by  other  workers  for  several 
years.  The  basic  concept  is  that  the  amount 
of  injury  remaining  after  proton  irradiation 
will  manifest  itself  by  a  lowering  of  the  LD.-.u/m, 
in  proportion  to  an  amount  equivalent  to  a 
given  number  of  rads  of  the  challenging 
(Co""  y)  radiation. 

The  semilog  plots  shown  in  figure  1  indicate 
that  although  the  recuperation  half-times  are 
significantly  different  (on  statistical  grounds) 
after  55  Mev  protons  and  Co""  y  radiation,  the 
results  are  comparable  with  the  findings  of  a 
number  of  other  studies  (7).  This  interpreta¬ 
tion  assumes  that  recuperation  following 
irradiation  progresses  in  an  exponential  man¬ 
ner  (5).  Since  a  40%  larger  initial  dose  of 
protons  was  used,  this  change  may  be  a  con¬ 
sequence  of  this  larger  dose.  The  results, 
therefore,  would  suggest  that  there  does  not 
appear  to  be  any  gross  difference  in  the  man¬ 
ner  in  which  injury  after  55  Mev  proton 
irradiation  is  repaired  as  compared  with  the 
Co"°  y  radiation. 


3 


REFERENCES 


j* 


' »  '  *■***, 


1.  Kallman,  R.  F.,  and  G.  Silini.  Recuperation  from 

lethal  injury  by  whole  body  irradiation.  Radiat. 
Rea.  22:622-642  (1964). 

2.  Williams,  G.  H.,  J.  D.  Hall,  and  I.  L.  Morgan. 

Irradiation  of  primates  with  protons.  Radiat. 
Res.  (In  press) 

3.  Mitchell,  J.  C.,  G.  V.  Dalrymple,  G.  H.  Williams, 

J.  D.  Hall,  and  I.  L.  Morgan.  Proton  depth 
dose  dosimetry.  Radiat.  Res.  (In  press) 

4.  Dalrymple,  G.  V.,  I.  R.  Lindsay,  J.  D.  Hall,  J.  C. 

Mitchell,  J.  J.  Ghidoni,  H.  L.  Kundel,  and  I.  L. 
Morgan.  The  relative  biological  effectiveness 
of  138  Mev  protons  as  compared  to  Co',n  gamma 
radiation.  Radiat.  Res.  (In  press) 

6.  Finney,  J.  D.  Probit  analysis,  p.  318.  Cambridge, 
Eng.:  Cambridge  University  Press,  1952. 

6.  Sacher,  G.  A.  Reparable  and  irreparable  injury: 

A  survey  of  the  position  in  experiment  and 
theory.  In  Clause,  W.  (ed.).  Radiation  Biology 
and  Medicine,  ch.  12.  Boston,  Mass.:  Addison- 
Wesley,  1952. 

7.  Spalding,  J.  F.,  T.  T.  Trujillo,  and  W.  L.  Le- 

Stourgeon.  Dependence  of  rate  of  recovery 
from  acute  gamma-ray  exposure  on  size  of  the 
conditioning  dose.  Radiat.  Res.  15:378-389 
(1961). 


8.  Hagen,  C.  W.,  and  E.  L.  Simmons.  Effects  of 

total  body  x-irradiation  on  rats.  I.  Lethe1  action 
of  single,  paired,  and  periodic  exposures.  Man¬ 
hattan  District  Report  (Univ.  of  Chicago 
Metallurgical  Laboratory  Report)  CH-3815, 
Chicago,  1947. 

9.  Kohn,  H.  I.,  and  R.  F.  Kallman.  The  influence 

of  strain  on  acute  x-ray  lethality  in  the  mouse. 
II.  Recovery  rate  studies.  Radiat.  Res.  6:329- 
338  (1957). 

10.  Storer,  J.  B.  Rate  of  recovery  from  radiation 

damage  and  its  possible  relationship  to  life 
shortening  in  mice.  Radiat.  Res.  10:180-196 
(1959). 

11.  Blair,  H.  A.  The  constancy  of  repair  rate  and 

of  irreparability  during  protracted  exposure  to 
ionizing  radiation.  University  of  Rochester 
Report  UR-621,  196J. 

12.  Bradley,  F.  J.,  J.  A.  Watson,  D.  P.  Doolittle, 

A.  Brodsyk,  and  R.  B.  Sutton.  RBE  of  440  Mev 
proton  radiation  compared  to  125  kvp  x-rays  for 
LDjo/jo  of  mice.  Health  Phys.  10:71-74  (1964). 

13.  Wang,  C.  C.,  J.  Lyman,  and  C.  A.  Tobias.  Relative 

biologic  effectiveness  of  730  Mev  proton 
particles  for  acute  lethality  in  mice.  University 
of  California  Lawrence  Radiation  Laboratory 
Report  UCRL-10211,  pp.  43-49  (1962). 


4 


Unclassified 


Security  Classification 


document  Control  data  •  r&p  I 

(Stcunly  claaailteation  ol  title  body  ol  abalrart  and  tndealnd  annotation  muat  be  entered  when  the  overall  report  ie  claeeltied)  | 

1  ORIGINATING  ACTIVE'  (Corporate  author) 

USAF  School  of  Aerospace  Medicine 

Aerospace  Medical  Division  (AFSC) 

Brooks  Air  Force  Base.  Texas 

2  a  REPORT  SECURITY  C  LASSIPIC  A  TION 

Unclassified 

2b  GROUP 

3  REPORT  TITLE 

THE  KINETICS  OF  RECUPERATION  FOLLOWING  55  MEV  PROTON  IRRADIATION 

4  DESCRIPTIVE  NOTES  (Type  oi  report  and  Ineluaive  datea) 

28  Apr. -30  June  1965 

h  AUTHOR (S)  (Laat  name,  II rat  name,  Initial ) 

Dalrymple,  Glenn  V.,  Captain,  MC,  USAF  Hall,  James  D. 

Lindsay,  Ian  R. ,  Wing  Commander,  RAF  Morgan,  Ira  L. 

Mitchell.  John  C. 

t  REPORT  OATE 

Feb.  1966 

It  1  13 

•  •  contract  or  grant  no  ^  1*1(609) -21*18 

b.  PROJECT  NO. 

e  Task  No.  775701* 

d 

Sr.  ori  a  in  a  tor'b  report  number^ 

SAM-TR-66-5 

S b.  other  report  no^I;  (Any  other  numboto  that  may  be  aaal0ied 

Ihla  report ) 

10  AVAIL  ABILITY/LIMITATION  NOTICES 

Distribution  of  this  document  is  unlimited.  1 

11.  SUPPLEMENTARY  NOTES 

11  SPONSORING  MILITARY  ACTIVITY 

USAF  School  of  Aerospace  Medicine 

Aerospace  Medical  Division  (AFSC) 

Brooks  Air  Force  Base,  Texas _ 

13.  ABSTRACT 


Hie  kinetics  of  recuperation  folloving  initial  doses  of  1*70  rads  of  55  Mev 
protons  and  350  rads  of  Co^O  ^  radiation  were  investigated  by  means  of  the  paired- 
dose  method.  By  using  semilog  plots,  recovery  half-times  of  U.85  i  .85  days  and 
2.02  t  .1*5  days  were  found  after  initial  doses  of  the  protons  and  Co°0 
radiation,  respectively. 


DD  .KK.  1473 


■UnclMBl  ft.a 

Security  Classification 


Unclassified 


Security  Classification 


Radiobiology 

Irradiation,  proton 


Protons 


Mice,  irradiation 


LINK  A 


LINK  C 


INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY:  Enter  the  name  and  addreaa 
of  the  contractor,  aubcontractor,  gnntee,  Department  of  De¬ 
fense  activity  or  other  organization  (corporate  author)  issuing 
the  report. 

2*.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  whether 
"Restricted  Data"  ia  included.  Matking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2h.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200.10  and  Armed  Forces  Industrial  Manual.  Enter  - 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  uc.-d  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  caaes  should  be  uncla  .sified. 

If  a  meaningful  title  cannot  be  selected  without  clazsifirr- 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  c. g. .  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AIJTIIOK(S):  Enter  the  name(s)  of  authorfs)  as  shown  on 
oi  in  the  report.  En*  ii  last  name,  first  name,  middle  initial. 

If  military,  show  rank  end  branch  of  service.  The  name  of 
the  principal  •  >thor  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE.  Enter  the  date  of  the  report  as  dey, 
month,  year;  or  month,  year.  If  more  than  one  date  appears 
on  the  report,  use  dulc  of  publication. 

7 j.  TOTAL  NUMBER  OF  PAGES:  1  he  tola!  page  count 
should  follow  norma*,  pagination  picredures,  i.e.,  enter  the 
number  of  pages  containing  information. 

7b.  NUMBER  OF  REFERENCES  Ente’  the  total  number  of 
references  cited  in  the  report. 

8u.  CONTRACT  OR  GRANT  NEMII HR;  If  appropriate,  enter 
the  applicable  number  of  the  contincl  o:  grant  Milder  which 
i  he  report  was  written 

8 fc,  (k,  8t  8cf.  PROJECT  NUMBER:  F»'r:  ■  appropriate 

military  department  identification,  such  as  protect  number, 
subproject  number,  system  numbers,  task  number,  etc. 

')«.  ORIGINATOR’S  REPORT  NUMBER •»  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  uni<(ue  to  this  report. 

•>/>.  OTHER  REPORT  NUVI)ER(S):  If  the  rty..n  I. ..s  been 
assigned  any  other  repori  numbers  (trithn  by  /he  orifimotui 
or  by  the  sponsor),  also  emcr  this  number(s). 

10.  AVAIL  ABILITY,' LIMITATION  NOTICES  Enter  any  lim-  | 
1 1 a 1 1 oiis  on  further  dissemination  of  the  report,  other  than  tho-0| 


imposed  by  security  classification,  using  standard  statements 
such  at: 

(1)  "Qualified  requester*  may  obtain  copies  of  this 
report  from  DDC." 

(2)  "Foreign  announcement  and  dissemination  of  this 
report  by  DDC  ia  not  authorized. " 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


"U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC.  Other  qualified  users 
shall  requeat  through 


"All  distribution  of  this  report  is  controlled.  Qial- 
ified  DDC  users  shall  requeat  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  kr.own. 

11.  SUPPLEMENTARY  NOTES:  Use  fo<  additional  explana¬ 
tory  note*. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay 
inf}  for)  the  research  and  development.  Include  address. 

13  ABSTRACT.  Enter  an  abstract  giving  a  brief  nnd  factual 
summary  of  the  document  indicative  of  the  report,  ev.-n  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall' 
be  attached. 

It  ts  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  (TS),  ( S).  (C).  or  (V). 

There  is  no  limitation  on  the  length  of  the  abstract  How¬ 
ever,  the  suggested  length  is  .'rom  150  to  225  words. 

14  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  f.hoit  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report  Key  words  muat  be 
selected  so  that  no  security  classification  is  required.  Identi- 
fieis.  such  ns  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  opt  mal. 


Unclassified 

Security  Classification 


